Objective: Data on incidence rates are scarce in GH deficiency (GHD). Here, we estimate the incidence rate in childhood onset (CO) and adult onset (AO) GHD in Denmark. Design: We used three national registries to identify 9131 cases with an increased risk of GHD. Date of entry was defined using the date when a registration had taken place and when a date of sufficient information could be defined from a thorough examination of a record of a GHD patient, which ever came last. We considered date of entry as the incident date. Methods: Sex-specific incidence rates of GHD in children and adults using the background population as reference.
Introduction
The interest in the epidemiology of growth hormone deficiency (GHD) derives from the increasing focus on patients with GHD during the last decades. This interest was spurred on by the finding of positive changes in body composition in patients with GHD being treated with growth hormone (GH) (1) (2) (3) (4) . GH substitution is expensive and potentially of life-long duration and reliable epidemiologic data to assess the size and turnover of the patient population are important.
There are few data on incidence rates of GHD. Childhood onset (CO) GHD has been estimated to occur in 1 per 30 000 people per year (5) . In adult onset (AO) GHD, an annual incidence of 1.2 per 100 000 adults has been estimated (6) . To our knowledge, there have been no nationwide studies using uniform diagnostic and classification criteria for all citizens.
Consensus reports for diagnosing GHD in children (7) and adults (8) have facilitated a more uniform diagnostic approach worldwide. However, there is still no standardized approach to the diagnosis of hypopituitarism, which impedes epidemiologic assessment, and necessitates a definition of GHD, which can be applied currently as well as previously. This problem is reflected by the variability of criteria applied in previous epidemiologic studies.
Here, we present data linking personal hospital records with data from national registries, enabling a comprehensive coverage of an entire population. We utilized the Cancer Registry (CR), the National Patient Registry (NPR), and the Causes of Death Registry (CDR), as well as the Central Office of Civil Registration (OCR) for information on vital status.
Materials and methods
To identify all cases of possible GHD in Denmark, we used the unique Danish registries. Three registries identified the primary cohort; CR, which registers patients in Danish hospitals with a cancer diagnosis; NPR, which registers all in-patients and, since 1995, all out-patients; and CDR, which registers the cause of death in all deceased patients. As all Danish citizens from 2nd of April 1968 were given a unique identification number (Central Person Registrations (CPR)-number) from OCR, it is possible from the various registries to identify all patients registered and to ensure a one-to-one coding within and between the registries. Foreigners are given a CPR-number including their initials, thus clearly differentiating these from Danish CPR-numbers. The total number of citizens in Denmark in 1980 was 5 122 065, and in 1999, it was 5 313 577 (Source: Statistics Denmark).
CR was founded in 1942 by The Danish Cancer Society, and received on voluntary basis information about cancer diseases in Denmark from 1943 until 1987 (Source: http://www.sst.dk). Hereafter, recording was compulsory. For all diseases, the cases' CPRnumber was recorded with topography and morphology of the tumor, when available. The codes used are all translated into The International Classification of Diseases 7th edition (ICD-7). The registration in CR is generally for malignant tumors, but for some tumors, including cerebral tumors, registration includes benign tumors as well. Furthermore, the hospital in which the patient was diagnosed has been recorded with a code uniquely assigned to each hospital in Denmark. We applied for the following topography: the pituitary gland, the ductus craniopharyngei and the pineal gland, and both benign and malignant morphology.
NPR was founded in 1977. Diagnoses for all patients are registered using ICD-8 until 1993, hereafter ICD-10, codes for hospitals are registered, and all is linked to the CPR-number. In NPR, we searched for all hospital activities coded at least once with one or more of 31 diagnoses of interest (Table 1) .
In 1970, CDR was founded and registration was compulsory from the outset. Here, up to four causes of death as well as non-lethal chronic diseases are registered, linked to the CPR-number. Furthermore, the code for an eventual hospital is registered. CDR used ICD-8 until 1993, hereafter ICD-10. From CDR, we identified the cases having the diagnoses 253.19, 253.13 (both ICD-8), and DE23.0 and DE34.3 (both ICD-10) (for further details, see Table 1 ).
The cases from CR, NPR, and CDR, all had a relatively high a priori risk of having GHD. To identify the patients with GHD, we visited all departments, including psychiatric wards, in Denmark where the CPR-numbers had been registered. Most were Departments of Medicine or Endocrinology, Pediatrics, or Neurosurgery. The visits started 17 May 2002 and ended 25 June 2004. More than 100 hospitals or city archives were visited, and the investigations at the departments were carried out by two investigators. All departments with registrations gave permission to read the records. Criteria for the diagnosis GHD were chosen based on published guidelines (7, 8) with modifications (9-11), see Table 2 . If necessary two or more departments were visited in order to find relevant and sufficient data about each case. All records were studied first at the hospitals with specialized departments (i.e. pediatric, neurosurgical, or endocrine departments) thereafter at hospitals without specialized departments. Definitive disproof of the diagnosis of GHD was followed by a non-GHD status; otherwise the record was studied at other departments until the status of GHD was either disproved or Table 2 Criteria for the diagnosis of growth hormone deficiency (GHD) divided into subgroups childhood onset (CO) and adult onset (AO). confirmed. If the status of GHD could not be confirmed at any department, the case was considered non-GHD. When in doubt, relevant information from the record was discussed with two trained endocrinologists. It is important to stress that the diagnosis of GHD was only applied when the clinical context was relevant.
In describing the cohort, the following dates are of importance: (i) Date of onset represents the estimated date the patient became deficient on the GH axis; (ii) Date of sufficient information represents the date when date of onset was notified in a record; and (iii) Date of registration represents the first date when the patient is noted in any register; (iv) For each patient, a date of entry of GHD was defined using: (i) the date of first registration in the registry or (ii) the date of sufficient information, whichever came last. It is necessary to use the latest date since patients must be both registered to enter the primary cohort of possible cases, and the record must contain sufficient information to ensure a correct diagnosis of GHD. The entry date is considered as the incident date and does not necessarily represent a diagnosis at the hospital, since only some of the patients were formally tested for GHD at any department. For instance, a patient born on 1 January 1940, who becomes GH deficient from 1 February 1950, and has sufficient information in a record on 1 March 1981 and a registration on 1 May 1982 will be defined as CO GHD. This patient is 10.1-year old at onset of disease, has sufficient information to ensure the diagnosis at the age of 41.2, and is identified in the registry at the age of 42.3. Thus, the patient is considered incident on date of entry, 42.3 years of age, as CO GHD.
The criteria for GHD were divided into two groups according to age at onset: CO, children younger than 18 years; AO, patients of 18 years or more at onset. The diagnosis 'CO GHD' was permanent no matter what the current age is.
Ethical aspects
The study was approved by The Danish Data Protection Agency, The Research Ethics Committee, and Doctors' Counsel in The Danish National Board of Health.
Statistical analysis
For most calculations, our data were divided into four categories: CO, males and females, and AO, males and females. We used The Statistics Denmark to obtain the information about number of citizens by gender in different age groups in the Danish population. In each category, incidence rates were calculated by the total number of new entries per calendar year divided by the corresponding number of citizens (same age group, same gender) per 1 July the relevant year, times 100 000. Incidence rates were analyzed using Poisson regression, and confidence limits using an approximation to Poisson distribution. The differences in gender distribution in various subdiagnoses were analyzed using incidence rate ratios. P!0.05 was considered significant. All analyses were performed using Intercooled Stata 8.2 (StataCorp; College Station, TX, USA).
Results
Ascertainment of the primary cohort CR, NPR, and CDR. CR identified 4605 registrations (Fig. 1) . Two-hundred and thirty-one had a CPRnumber, which either implied that the case was a foreigner or was registered before the initiation of the CPR-number system, making it impossible to localize the record. The code for the hospital was lacking in 35 and multiple reporting happened in 1924 registrations. These registrations were excluded. In total, 2415 cases were included from CR. NPR identified 14 112 registrations, 96 were of foreign origin, and 5332 had multiple reports, making a total of 8684 cases. In CDR, 118 registrations were identified. Forty-six did not have a registration at a hospital, making a total of 72 cases. In summary, 2415, 8684, and 72 cases were identified in CR, NPR, and CDR respectively representing 9131 unique cases. Eight-hundred and ninety-eight cases' records could not be found at any department. Based on the available records, 2263 patients with GHD were identified, corresponding to 27.5% of all cases identified a priori as having a high probability of having GHD and whose record was found. Using OCR 58 patients were excluded because their municipality code at diagnosis was Greenland, unknown, or an administrative code. We focused on patients with date of entry after 1980 to ensure enough run-in time from 1977 when NPR was founded, the registry where the majority of patients were identified. The end of the study period was 1999, as this year was the last year of registration in the registries. All other patients were excluded from the present analysis, including 336 patients with entry before 1980 and 44 patients after 1999. Two patients were excluded due to an error at registration. Thus, the final number of patients identified was 1823. For further information on the identification of the cohort, see Fig. 1 , and for further information on the patients, see Table 3 . All but ten patients were identified in NPR; the ten patients were exclusively identified in CR, and none exclusively in CDR.
For data quality assessment, we searched the archives in one department (Medical Department M, Aarhus Sygehus, Aarhus University Hospital), to identify potentially missed patients. One-hundred and sixtyeight patients treated with GH were identified. Nine patients were not included in our search from the registries, of these six patients did not have GHD, but were treated with GH for other reasons such as Turner syndrome, Prader Willi syndrome, etc. and only three patients had GHD. In other words, of 162 eligible patients, 3 were not identified in our search in the three registries. Figure 2 shows the incidence rates of GHD by sex and age at onset of disease in Denmark from 1980 to 1999.
Incidence
The average incidence rates, the changes in incidence rates over time, as well as the incidence rate ratios for the two genders are described in Table 4 . Since we observed a change in incidence rates over time, we included this change in the calculation of incidence rate ratios. Furthermore, we merged all the different diagnoses into nine subgroups ( Table 5 ). The total incidence rate for CO males was significantly higher than females, whereas there was no significant difference in incidence rate for males and females in CO GHD in the nine subgroups possibly due to lack of power (data not shown). For AO GHD, we found in total and in two subgroups, namely 'nonfunctioning adenoma' and 'other adenomas', an overall significantly higher incidence rate ratio for males compared with females (data not shown). We divided AO GHD into three age groups: less than 45 years, 45-64 years, and more than 65 years at entry, and calculated incidence rate ratios (data not shown). In total, in the two oldest age groups, the incidence rate was significantly higher among males compared to females. Similarly, the incidence rate was significantly higher among males compared to females in the two oldest age groups in 'nonfunctioning adenoma'; in 'other adenomas' this was only in the oldest age group.
Discussion
We have determined the incidence rates of CO and AO GHD in an entire population. Uniform criteria have been applied to all cases ensuring an accurate and unbiased approach to the identification of potential patients. We identified significantly more males than females, both in CO and in subgroups of AO GHD. In previous epidemiologic studies of CO GHD, this has been described, but to our knowledge it has not been described before in a population of AO GHD. We identified two specific diagnoses ('nonfunctioning adenoma' and 'other adenomas') with a significantly different sex distribution. The higher number of men with GHD, and especially with AO GHD, merits further investigation. Table 3 Characteristics of patients with GHD. Patients were divided in CO and AO GHD, discriminated by an age cut-off of 18 years at onset. Onset is when the patients became GH deficient, entry corresponds to incidence, and delay is the difference between entry and onset (see Materials and Methods section for further information on the definition of onset, entry and delay).
CO males CO females AO males AO females
Number Females AO Figure 2 Incidence rate of GHD per 100 000 citizens (gender specific). The denominator for childhood onset GHD was number of citizens less than 18 years, and for adult onset GHD it was number of citizens aged 18 years or more. Note different scales.
We observed an increase in incidence over time for all subgroups, except females with AO GHD. It seems reasonable to consider the incidence in males with CO GHD as two stable incidences from 1980 to 1986 and from 1987 to 1999, with a change in 1987 (see Fig. 2 ). In the late 1980s, recombinant human GH became available on the market for children with GHD, and the change in 1987 might reflect this fact. A similar, but less profound, change can be observed in females with CO GHD from 1986 to 1987. We expected to find an increase in incidence as focus on GHD has increased with numerous publications on the metabolic changes in patients with GHD, and the benefits of treatment with GH. An increased clinical awareness is a possible contributing cause for this increase in incidence. The finding of an average incidence rate of 1.65 per 100 000 for AO GHD is higher than, but in agreement with, the finding of 1.2 per 100 000 in a French study (6) , and the estimate of 1.0 per 100 000 from The Growth Hormone Research Society (12) . The denominator in the latter study was not specified, and it is thus not clear whether the estimate is age-specific or based on the total population. For the interpretation of the present data, it is important to note that a patient is defined as incident at the date of entry in a registry combined with sufficient data to define the patient as having GHD, which may, to some extent, delay the true date of incidence of GHD.
The observed heterogeneity of diagnoses causing GHD is somewhat surprising. This could imply that clinicians should be aware of the possibility of GHD in patients with various syndromes, systemic disorders, hematological diseases, etc. A further analysis is warranted to classify why some pituitary adenomas lead to more cases with GHD among males in the older age groups. Since our definition of GHD is partly based on the presence of other pituitary deficits, a gender difference in the diagnosis of these deficits could translate into differences in the estimated incidence of GHD. It is likely that gonadotropin deficiency is underdiagnosed in postmenopausal women relative to age-matched males, but we do not consider this as a sufficient explanation for the skewed gender distribution of GHD. Furthermore, we speculate that the function of the pituitary, and in particular the secretion of GH, might be more vulnerable in men than in women, resulting in a lower threshold for GHD after a comparable event. In Denmark, the general practitioner (GP) is the gatekeeper to the hospital for most patients. Women have significantly more visits at the GP than men (Source: Statistics Denmark), but we believe that the GP refer men to the hospitals as easily as they do women. In this regard, it could be speculated whether women with pituitary adenomas are diagnosed earlier with a smaller tumor, thus reducing their risk of postoperative hypopituitarism. From the Danish Pituitary Registry, we know that the ratio of number of operations on pituitary adenomas among males and CI: confidence interval. *Average incidence rates, both gender. †The factor the incidence rate changes annually. ‡The incidence rate for males compared to the incidence rate for females for CO (less than 18 years of age at onset), AO (18 years of age or more at onset), and total.
females is 1 (13), but we lack information about the actual size of the adenoma. Thus, we have limited data to support this hypothesis, but it could be of interest to study gender-specific differences in tumor morphology at the time of diagnosis. It is important to stress that the entity of GHD is heterogeneous, with many patients included because a primary disease caused GHD, and that data with a skewed gender distribution does not imply for instance that more males than females have a nonfunctioning adenoma, but that within the group of nonfunctioning adenomas more males than females become GHD. Applying this design for identifying cases will necessarily overlook potential cases. First of all, some records could not be found (representing 898 cases), possibly overlooking 247 patients with GHD (27.5% of the included high risk population had GHD). These potential patients were generally older than the identified patients (data not shown), they might not have entry during 1980-1999, and 247 patients might be an overestimation. Secondly, a broader search for more diagnoses that could result in GHD when using the registers would probably have included more cases and expanded the primary cohort markedly hereby finding more patients with GHD. But the yield would presumably have been small, because more diagnoses would probably have included a relatively small number All of these parameters tend to underestimate the incidence rates at all times. Since the codes in NPR have only included outpatients since 1995, patients seen only as out-patients before 1995 have not been identified. Most patients with GHD have often at one stage been admitted as in-patient and therefore identified at this stage. Some cases, who are suspected of having GHD, are obviously not admitted as in-patients, but we believe that the a priori risk of GHD in these cases is lower than those who are admitted. The potential loss of patients is, therefore, minimal. There is no possible way of identifying these patients, applying the current approach to all departments. Departments with special interest in endocrine problems sometimes have lists of patients who are treated with GH. We did not use these lists to identify the patients, as this information would be distributed unequally among the departments. We used some of these lists to quantify the number of cases not identified from the registries. The general experience was that only a few patients were not identified and that these patients generally had rare diagnoses such as rhabdomyosarcoma of the ear or had been diagnosed recently. We conclude that the presented approach is the best possible for identifying patients with GHD as we used the same strategy nationwide to identify patients, and the potential loss of patients is reasonably small.
The use of a general search in the Danish population at all hospitals ensures that most patients with a GHD diagnosis are being identified. However, we believe that substantial numbers of people suffering from endocrine diseases, and in particular GHD, are still being withheld from the referral hospitals for various reasons. We identified these patients using the present design, but as seen in screening of elementary-school children (14) (15) (16) about half of the children had unrecognized GHD and cannot be identified. However, we identified most of the patients who had been referred to any hospital at any time, and thus were suspected of suffering of GHD. Recently, however, traumatic head injury (TBI) has been suggested as a cause of diminished pituitary function, and consensus guidelines describe how to deal with the patients suffering from TBI (17), but the clinical awareness concerning TBI during our study period must be considered reduced compared with present awareness. Thus, we may have missed some patients with TBI-induced GHD.
All but ten patients were identified in NPR, which was founded in 1977. For the following years, most patients will be registered for the first time, either as an incident patient or during a follow-up regimen. The registration does not discriminate between new or known patients. As we define our cohort by number of patients with entry after 1 January 1980, we do not include the first 3 years of registration. A potential overestimation of incidence in 1980 is considered negligible. As we started studying the records on 17 May 2002, ample time to perform analyses of eventual tests from 1999 is ensured.
We included patients in our cohort where the clinical history without any diagnostic tests of GHD was in favor of GHD. Historically, enormous changes have taken place in the identification of patients with GHD. In the beginning of the study period, certain criteria were considered gold standard, criteria which would not be used presently to diagnose any patient. For some of the patients, we are dependent on past criteria in order to determine whether the patient had GHD as often no other data exist. Here lies a possibility of including patients without GHD, but we consider the potential loss of data if not including these patients as introducing an even greater bias.
In conclusion, we have identified the incidence of GHD in a nationwide study. We found that the incidence rate was increasing among CO, males and females, and AO males, whereas it was stable for AO females. Significantly more males than females were identified, which applies to CO GHD as well as subgroups within AO GHD, namely nonfunctioning pituitary adenoma and other pituitary adenoma. The latter finding merits further investigation.
